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A  biacuaaion  of  Arctic  Ionograma 


R.A,  Wagner  and  C.P,  Pika 
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Bedford,  Mete.,  01730,  USA 


SUfMARY 


Exempli*  of  erctic  ionogram  aaquancaa,  recorded  on  the  AFCRL  Flying  lonbapharle  Laboratory,  art 
preaenfed.  The  purpote  of  thia  paper  la  to  a how  that:  a)  ionogram  aaquancaa,  recorded  on  arctic  flight*, 
facilitate  the  interpretation  of  oblique  incidence  achoaa  from  E-  and  F- layer  halghta,  b)  parameter*  of 
the  arctic  ionoaphafa  can  be  mapped  by  ualng  the  "auroral  oval"  at  an  ordering  ayatam,  c)  vertical  and 
oblique  Incidence  echo**,  appearing  bn  ground  atation  lonograma,  can  ba  interpreted  in  term*  of  the 
atation't  poaition  relative  to  tht  auroral  oval. 


'^>The  analyala  of  a  three  hour  flight  with  6  latitudinal  acana  underneath  an  auroral  band  ahowa  the 
cloae  relatlonahlp  between  auroral  type. aporadlc  E  achoaa  (Eaa)  and  dlacrtta  aurora.  The  invaatigation  of 
49  latitudinal  acana  through  the  auroral  oval  during  timaa, of  low  magnetic  activity  revealed  the  exiatance 
of  a  particle  produced  E  layer  which  ie  oval  aligned,. la  2^io  6^ijid«  in  corrected  geomagnetic  latitude 
and  occur*  at  all  corrected  geomagnetic  timaa.  Thia  layer  product*  the  night  E  achoaa. 


A  new  ionogram  anatyaia  procedure ,which  uaae  oblique  incidence  F-l*y*r  achoaa,  ia  damonatrated,  and 
the  feaalbllity  of  monitoring  tht  latitude  of  the  aouthtrn  edge  of  the  polar  P- layer  irregularity  tone  by 
ueing  thia  ntw  analyala  procedure  ia  damonatrated. 


1. 


INTRODUCTION 


Vertical  incldanea  ionograma,  recorded  in  high  latitude  ragiona,  era  often  highly  complex.  Spread 
achoaa  and  a  variety  of  oblique  achoaa,  which  originate  in  E-  and  F- layer  height*  of  the  lonbtphtre, 
complicate  ionograma.  in  E- layer  height*  different  type*  of  achoea  are  often  almultanaoualy  obatrved,  and 
their  appearance  may  change  rapidly.  Theca  complication*  are  the  well-known  cauta  of  the  difficulty* 
which  are  encountered  in  acaling  and  interpreting  of  arctic  ionogram*. 


It  ia  often  difficult  to  interpret  achoaa  on  complex  ionograma  whan  only  individual  aweapa,  recorded 
at  long  time  interval*,  are  cbntlderad,  Ionogram  analyala  and  Interpretation  can  ba  aided  by  ualng  ionogram 
aequencea.  Thia  technique  wa*  uaad  for  ihatance,  by  Hanaon  etal(l)  to  ahbw  movement *  of  the  night  E- layer, 
and  1*  presently  being  uaad  in  recording  vertical  incidence  awapt  frequency  ionogram*  on  the  AFCRL  Flying 
Ionoapharlc  Laboratory.  An  lonbapharle  aoundar,  carried  on  a  high-apaad  aircraft,  la  a  valuable  tool  for 
inveafigatlng  the  arctic  lonbtphere. 


For  planning  arctic  flight*  the  "auroral  oval"  (Faldtteln  and  Starkov,  (2))  haa  been  uaad  a*  a  frame 
of  reference,  aince  it  haa  proved  to  ba  an  ordering  ayatam  for  many  arctic  geophyalcal  phenomena.  The 
aurora)  oval,  defined  a*  the  region  of  maximum  occurrence  of  vialble  aurora  at  a  given  inatant,  la  an  oval 
ahaped  belt  aurrounding  the  geomagnetic  pole.  The  oval 'a  poaition  1*  fixed  with  reapect  to  the  aun  and  the 
earth  rotate*  underneath  it.  A  high-apaad  aircraft, flying  at  high  latitude*  againat  the  earth'*  rotation, 
can  atay  at  conatant  CO  local  time  for  many  hour*  while,  at  the  tarn*  time,  making  latitudinal  acana.  By 
flying  in  the  direction  of  the  aarth'a  rotation  the  aircraft'*  movement  relative  to  the  oval  can  be 
accelerated,  and  the  entire  oval  can  ba  inveatigatad  in  on*  10  hour  flight,  the  corrected  geomagnetic  (CC) 
coordinate  ayatam  (Hultquiat,  (3),  (4),  Hakura,  (5))  1*  uaad  throughout  thia  paper. 


Example*  are  dlacuaaad  in  thia  paper  which  denonatrate  the  uaefulnea*  of  ionogram  aequencea,  recorded 
on  flight*  and  on  the  ground,  in  interpretation  of  oblique  incidence  echoea  from  E-  and  F-layer  height*. 
Analyala  of  ionogram  aequencea,  accumulated  in  cfbaa-aaction  flight*  through  the  auroral  oval  at  all  CG 
local  timaa,  haa  permitted  the  mapping  of  the  occurrence  of  auroral  E  and  auroral  E|  relative  to  the  location 
of  the  auroral  oval,  A  apecial  analyala  procedure,  which  uaea  oblique  Incidence  F-layer  echoea  for  moni¬ 
toring  the  latitude  of  the  aouthern  edge  of  the  polar  F-layer  irregularity  zone,  it  preaented, 


2. 


E  REGION 


Many  atatiatlcal  invaatigation*  and  tingle  cat*  atudie*  have  been  made  of  the  relatlonahlp  between 
lonoapherlc  E-reglon  echo**  and  the  viaual  aurora. 


Retulta,  obtained  from  a iraultaneout  ionogram  recording*  and  obtervationt  of  aurora,  ahow  that  good 
correlation  exittt  between:  a)  aporadlc  E  (Eg)  range  and  elevation  of  aurora  (Knecht  (6),  Buchau  et  al. 
(7),  Whalen  at  al.  (8)),  b)  auroral  brightnaaa  and  the  top  frequency  of  Eg  echoea  (Knecht  (6),  Huntucker 
and  Oeren  (9)),  e)  auroral  bfightheta  and  the  invert*  of  the  virtual  height  of  Eg  echoeg  for  the  cage  of 
overhead  aurora  (Harang  (10),  Knecht  (6)).  The  raaultt  of  the  work  of  many  retearchert  are  recontidered 
in  relation  to  the  auroral  oval,  in  a  atudy  of  the  diatrlbution  of  occurrence  of  Et  in  high  latitude*,  by 
Fittenger  and  Gatamann  (11).  Et  echoea  with  top  frcqutnclet  >5  MHz  were  found  to  occur  in  an  oval  pattern 
and  to  have  a  pronounced  maximum  in  the  oval't  night  aactor,  indicating  a  cloae  relatlonahlp  to  the  location 
of  maximum  occurrence  of  viaual  aurora. 


Simultaneoua  occurranca  at  a  atatlon  of  night  E  (or  "auroral  E",  a  term  propoaad  by  Fenndorf  (12) 
for  thia  particle  produced  layer)  and  aurora  hat  bean  reported  by  King  (13)  and  Bullen  (14).  On  the  other 
hand  Hanaon  et  al,  (1)  found  no  hour-to-hour  correlation  of  night  E  with  aurora,  Night  E  haa  alto  been 
obaerved  aquatorward  of  viaual  aurora  (King  (IS)).  With  lncraating  magnetic  activity  auroral  E  (night  E) 
ia  obaerved  at  lower  latitude*  than  in  quiet  condition*,  whlchauggaart  a  relationthip  between  auroral  E  and 
the  auroral  oval.  Whalen  et  al.  (8)  found  cloae  relation  between  non-dltcrete,  continuout  aurora  and 
auroral  E  (night  E)  on  crbat-tection  flighta  through  the  noon  aector  of  the  auroral  oval. 
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Observations  of  th«  relationship  between  E,s  echoes  and  aurora  and  between  night  E  and  the  location  of 
the  auroral  oval,  reported  here,  were  made  during  cross-section  flights  -through  the  auroral  oval. 

2.1.  RELATIONSHIP  BETWEEN  AURORAL  E(  AND  VISUAL  AURORA 

A  section  of  a  flight  is  discussed  where  the  aircraft  crossed  several  times  underneath  a  stable 
aurorel  band.  Vertical  incidence  iohograms  and  all-sky  photographs  used  for  this  analysis  were  simul¬ 
taneously  recorded  at  one  minute  intervale  on  14  December  1968  during  a  flight  from  Labrador  to  Alaska. 

The  flight  track  was  planned  so  that  the  midnight  sector  of  the  auroral  oval. could  be  monitored  for  more 
than  9  hours  while  18  latitudinal  cross-sections,  extending  over  3°  to  3-1/2°  CO  latitude,  were  made  within 
the  auroral  belt.  Recording  of  ionograms  and  all-sky  photographs  started  oh  scan  4  and  continued  through 
the  end  of  the  flight.  The  flight  track  la  shown  in  Figure  1  in  geographic  coordinates  on  the  left  side 
and  in  CG  latitude  and  CG  local  time  on  the  fight  side. 

Quiet  magnetic  conditions  prevailed  during  the  flight,  Kp  «  0+,  1,  1.  in  the  first  part  of  the  flight 
no  discrete  aurora  was  observed,  and  only  occasional  brightening  of  the  sky  and  very  faint  unstructured 
forms  in  the  north  were  observed.  No  Ef  was  recorded  during  this  time;  however,  a  band  of  auroral  E  was 
observed  which  will  be  discussed  later.  At  6  UT  (at  the  start  of  latitudinal  scan  7)  ah  oval-aligned  arc 
developed  which  extended  from  the  west  to  the  east  horizon.  During  the  following  6  hours  this  aurora  was 
seen  constantly  while  the  aircraft  moved  to  the  west ,  crossing  underneath  the  aurora  from  south  to  north 
respectively  north  to  south  12  timet,  in  the  last  three  hours  of  the  flight  (9'to  12  UT)  the  aurora  was 
at  times  very  active  often  filling  the  entire  field  of  view  of  the  all-sky  camera  (1000  km  diameter);  quiet 
conditions  returned  in  between^  During  the  6  hours  when  discrete  aurora  waa  observed  auroral  Ea  was  re¬ 
corded  continuously;  auroral  type.Es,  as  described  in  the  IGY  Manual  (16),  page  94—95.  Figure  2,  lower 
part,  shows  an  Efl  echo  recorded  during  this  flight.  When  the  aircraft  approached  ah  arc  or  band,  pasted 
underneath  it,  and  then  moved  away  from  it;  the .virtual  height  of  the  Eta  echo  regularly  decreased  from 
high  ranges,  levelled  off  at  a  minimum  value  and  increased  again,  When  overhead  aurora  was  observed  over 
the  entire  width  of  the  latitudinal  scant,  the  time  history  of  any  of  the  individual  bends  or  other  forms 
could  hot  be  followed,  the  h'Esa  stayed  at  minimum  values,  ho  oblique  traces  were  teen.  At  soon  as  a  band 
or  arc  could  again  be  defined  and  it's  zenith  angle  determined,  the  time  variation  of  h'Eta  and  of  the  slant 
ranges  to  the  aurora  coincided  again. 

Ih  the  upper  part  of  Figure  3,'  the  virtual  height  of  £,|  (open  circles)  and  the  slant  ranges  to  the 
visible  aurora  (full  circles  connected  by  dotted  line)  are  plotted  versus  UT.  They  were  recorded  during 
the  3  hours  when  a  stable  auroral  arc  or  band  was  crossed  6  times.  Encircled  numbers  indicate  the  scan 
number  in  the  sequence  of  latitudinal  crossings.  The  slant  ranges  to  the  aurora  were  determined  from  the 
all-sky  photographs  assuming  that  the  lower  edge  of  the  aurora  was  120  km  above  ground.  The  slant  ranges 
to  the  aurora  $•  ’  h'E  coincide  very  welt.  Approach  to  end  movement  away  from  the  aurora  cah.be  followed  ih 
peases  9  throug..,  .  since  the  location  of  the  bands  (extending  east-west)  was  ih  the  center  latitude  of  the 
scans.  Ih  scan  7  the  aircraft  turned  before  reaching  the  northern  edge  of  the  aurora,  and  on  the  return 
scan  the  southern' edge  had  moved  to  the  north,  The  fact  that  the  virtual  height  of  the  Esa  and  the  slant 
range  to  the  aurora  change  simultaneously  during  the  6  crossings  underneath  the  aurorel  band  indicates  that 
the  region  of  ionization,  causing  the  Esa  echoes,  must  be  limited  in  latitudinal  extent  to  the  vicinity  of 
the  discrete  aurora. 

The  auroral  brightness  Increased  during  the  period  investigated.  During  pastes  7  and  8  the  aurora 
was  very  faint,  h'Esa  was  130-135  km  when  the  aurora  was  overhead.  Increased  auroral  brightness  was  observed 
in  passes  9  and  10,  the  recorded  minimum  virtual  height  of  Esa  was  120  km  when  the  aurora  was  overhead. 
Finally,  (passes  ll  and  12)  h'Ege  had  decreased  to  105  km,  and  the  brightness  of  the  overhead  aurora  had 
again  increased.  From  0610  to  0730  UT  (i.e,  past  7  through  most  of  pats  9)  simultaneous  photometer  measure¬ 
ments  of  the  5577*  emission  were  made  (Whalen,  private  coenunicatibn).  When  visible  aurora  was  overhead 
during  this  time,  the  correlation  between  the  spectral  line  intensity  and  the  inverse  virtual  height  of  Esa 
is  good,  even  for  short-time  fluctuations. 

Assuming  that  the  height  above  ground  of  the  lower  edge  of  the  auroral  form,  is  identical  with  the 
virtual  height  of  the  Esa  when  the  aurora  is  in  the  aircraft  zenith,  the  slant  ranges  were  replotted  for 
pesses  7,  8,  11  and  12;  The  improved  fit  of  the  resulting  slant  ranges  to  the  aurora  and  h'Esa  curves  is 
shown  in  the  lower  part  of  Figure  3.  (Arrows  below  the  time  scale  in  pass  12  indicate  the  times  for  which 
ionograms  and  all-sky  photographs  are  shown  later;  in  Figure  5). 

The  correletlon  between  auroral  brightness  and  top  frequency  (fEsa)  of  the  Esa  echoes, found  by  other 
investigators,  is  confirmed  by  the  measurements  of  this  flight:  faint  aurora  from  (6-7  UT)  1s  accompanied 
by  fEsa  only  occasionally  over  4  MHz;  increased  auroral  brightness  (from  7-8  UT)  by  fEsa*  5  MHs;  rather 
bright  aurora  (from  8-9  UT),  by  fEsa  between  8  and  9  MHs.  Therefore,  it  follows  that  the  h'Esa  is  inversely 
related  to  fEsa.  In  Figure  4  the  virtual  height  of  Esa,  recorded  in  passes  7  through  12  when  aurora  was 
observed  in  the  zenith,  are  plotted  versus  the  top  frequency  of  the  Esa  echo. 

Figure  5  gives  examples  of  ionograms  and  all-sky  photographs  recorded  on  pass  12,  Simultaneously  re¬ 
corded  ionograms  and  all-sky  frames  are  labe'.'ed  a,  through  d.  and  show  that  the  range  of  the  Es»  echo 
decreases  when  the  auroral  band  is  approached.  Arrows  below  the  time  scale  (pass  12)  of  Figure  3,  lower 
part,  indicate  the  times  when  the  frames  were  recorded. 

2.2  OCCURRENCE  OF  AURORAL  E  (NIGHT  E)  IN  RELATION  TO  THE  AURORAL  OVAL 

The  close  association  between  Esa  echoes  and  discrete  aurora  has  been  demonstrated,  A  few  examples 
follow  of  the  occurrence  of  auroral  E  (night  E)  echoes  in  relation  to  the  auroral  oval.  The  auroral  E 
(night  E)  echoes  were  identified  according' to  the  description  on  page  106  of  the  IGY  Manual  (16).  This 
definition,  originally  given  by  Hanson  et  al.  (1),  Was  found  to  be  clear  and  comprehensive.  Figure  2,  upper 
part,  shows  two  examples  of  auroral  E  (night  E)  echoes,  recorded  during  arctic  flights,  A  band  of  auroral 
E  (night  E)  was  regularly  found  ih  the  three  flights  of  December  1968  with  a  total  of  16  cross-sections  of 
the  auroral  oval  at  CG  noon  in  darkness,  reported  by  Whalen  et  al,  (8).  Characteristics  of  this  particle 
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produced  continuous  E  layer  that  are  of  interest  here,  ere  as  follows :  in  the  noon  sector  it  extends 
about  5°  southward  from  the  instantaneous  location  of  the  discrete  aurora;  at  the  northern  edge,  et  the 
location  of  overhead  aurora;  the  typical  E-echoes  transform  to  Eia  at  the  seme  virtual  height;  from  north 
to  south  the  critical  frequency  of  the  auroral  E  layer  increases,  while  the  virtual  height  decreases. 

Subsequent  investigations  of  ionogram  sequences  from  cross-section  flights  through  other  sectors  of 
the  auroral  oval  confirmed  the  existence  of  an  oval  aligned  E-  layer  of  particle  origin, 

AURORAL  E  OBSERVED  TO  THE  NIGHT  SECTOR  OF  THE  AURORAL  OVAL 

In  Figure  6  the  tracks  of  cross-section  flights  through  the  night  sector  of  the  auroral  oval  are 
shown.  The  flights  were  made  during  the  time  from  February  1968  through  February  1971,  end  they  were 
selected  for  this  survey  because  of  quiet  magnetic  conditions  during  the  flights.  Kp  indices  were  0  to  2 
during  most  of  the  time;  exceptions  are  Kp  ■  3  for  part  of  flights  d  and  a,  and  Kp  ■  4-  at  the  start  of 
flight  b.  A  total  of  33  latitudinal  scans  through,  or  within  the  night  sector  of  the  oval  were  made  along 
the  flight. tracks;  flights  d,  e,  and  f  era  "oval  stationary"  flights  with  several  scans  in  the  same  CG  time 
sector;  2  flights  were  made  along  flight  route  c.  The  heavy  dotted  lines  indicate  the  flight  tracks  where 
auroral  E  (night  E)  with  critical  frequent las  >2  Hit  was  observed;  2  Hit  being  the  low  frequency  limit  of 
the  airborne  sounder.  Auroral  E  occurs  in  a  continuous  band  .that  extends  over  several  degrees  of  latitude; 

A  black  bar  across  the  flight  track  indicates  the location  of  the  maximum  critical  frequency  recorded  on 
that  scan.  In  the  oval  stationary  flight  d  auroral  E  was  present  continuously  in  all  6  scans;  in  3  or  4  scans 
for  flight  e;  and  in  5  out  of  is  scans  for  flight  f,  The  f0E  maximum  was  found  at  identical  latitudes  in 
every  scan  of.  a  particular  oval  stationary  flight.  This  is  true  also  for  the  second  maximum  et  69*  CG 
latitude  in  flight  a.  In  the  last  of  the  4  scans  of  flight  a  nondevletlve  absorption  had  increased,  auroral 
E  with  foE  <fmin  may  have  bean  present. 

Flight  f  is  tha  flight  of  14  December  1968  where,  es  mentioned  before;  no  auroral  bands  of  arcs  were 
observed  in  the  first  part  of  the  flight,  only  soma  barely  visible  forms  ami  areas  of  brightness  were 
noticed.  Auroral  E  was  observed  continuously  until  Ega  appeared  simultaneously  with  the  auroral  arc  that 
had  formed,  (Occasionally  oblique'E  echoes  could  be  seen  in  the  presence  of  E§aO  This  observation  confirms 
tbs  relation  of  auroral  E  and  a  non-discrete  form  of  aurora,  found  in  the  noon  sector  of  the  auroral  oval 
(Whalen  et  el,  (8).  For  all  other  flights  the  location  of  the  band  of  night  E  relative  to  the  position  of 
discrete  aurora  is  not  investigated  hare. 

In  the  latitudinal  distribution  of  foE  a  second  maximum,  as  seen  in  flight  e,  is  sometimes  observed 
during  more  disturbed  conditions.  Concluding  from  the  results  of  Whalen  et  al.  (8),  electron  precipitation 
with  a  spectrum,  hardening  aquatorward ,  is  likely  responsible  for  the  auroral  E- layer.  Proton  precipitation 
was  found  to  be  the  cause  for  a  second  maximum  in  the  north,  recorded  in  a, previous  flight  and  not  included 
here.  Conditions  in  flight  e  are  still  under  investigation.  Mb  second  maximum  of  f0E  was  observed  lh  the 
other  flights  shown  in  Figure  6.  in  flights  b  and  d,  and  perhaps  in  some  scans  of  f,  the  auroral  E. (night  E) 
region  may  have  extended  farther  to  the  north  of  the  flight  tracks,  and  a  second  maximum  may,  therefore, 
have  excaped  observation.  However,  no  increase  in  the  E  critical  frequency  was  indicated  near  the  northern 
end  of  the  sCehs.  Figure  6  suasnarlrea  the  observations  of  cross-section  flights  through  the  night  sector 
of  the  auroral  oval  In  quiet  magnetic  conditions!  a)  Auroral  E  occurs  In  bands  several  degrees  wide  in 
latitudinal  extent;  and  b)  tha  pattern  of  fpE  increase  with  decreasing  latitude  that  was  established  for 
the  noon  sector  in  darkness,  is  found  to  exist  In  the  night  sector  also, 

ENHANCED  foE  IN  THE  DAY  SECTOR  OF  THE  AURORAL  OVAL,  IN  SUNLIGHT 

Particle  produced  ionisation  in  E-layer  height  has  alto  been  observed  in  the  sector  08  through  21  CG 
time  for  times  of  low  magnetic  activity  under  Sunlit  conditions,  in  daylight  the  normal  E-layer  is  produced 
by  photoionlsetlon;  where  particle  precipitation  causes  additional  ionisation,  ah  enhanced  critical  frequency 
of  the  E  layer  is  measured,  with  an  foE  that  it  higher  than  that  corresponding  to  the  senlth  angle. of  the  sun 
at  that  given  time  and  location.  Figure  7  shows  (plotted  in  CG  latitude  and  CG  time)  the  routes  of  9  flights 
performed  in  the  Sumner  of  1970  and  1971  which  yielded  a  total  of  16  cross-sections  through  the  auroral  oval. 

All  flights  were  made  in  daylight  and  during  magnetic  conditions  characterised  by  Kp  0  to  3-  (except  for  one 
crossing  with  Kp  4-),  Heavy  black  lines  along  the  flight  tracks  indicate  tha  latitudes  where  enhanced  foE 
was  recorded.  Dotted  lines  Indicate  those  areas  where  the  enhancement  was  very  little.  In  every  crossing 
of  the  oval  a  single  belt  of  enhanced  f0E  was  observed,  the  latitudinal  extent  of  which  varied  from  2°  to  6". 
Considerable  variation  in  the  location  of  the  enhanced  f0E  region  is  observed  mainly  in  the  6  crossings  in 
the  10  to  14  CG  time  sector.  The  center  latitude  of  the  region  is  located  between  67°. and  73°  CG  latitude 
compared  with  71°  and  78°  for  16  crossings  through  the  noon  sector  in  darkness  on  the  3  flights  of  December 
1968.  In  the  evening,  18  through  21  CG  time,  the  center  latitude  of  the  region  of  enhanced  E  ionization  is 
found  at  70°  to  71°  CG  latitude  in  5  out  of  8  cases.  This  coincides  with  the  results  from  cross-section 
flights  during  the  same  time  Interval,  presented  in  Figure  6, 

SPREAD  E 

Characteristic  of  the  auroral  E  .(night  E)  echo  trace  observed  during  dark  hours  is  the  spread  near  the 
critical  frequency.  Spread  near  the  critical  frequency  of  the  E  layer  is  also  observed  in  ionograms  re¬ 
corded  in  the  region  of  foE  enhancement,  in  daylight.  The  spread  E  is  observed  so  regularly  with  enhanced 
foE  that  Bullen  (14)  uses  occurrence  of  spread  E  in  daytime  ionograms  as  one  criterion  to  determine  from 
ionograms  the  existence  of  particle  produced  ionization.  In  Figure  8  an  example  is  gi.en  to  illustrate  the 
change  in  appearance  of  the  E  echo  traces  from  normal  to  spread  and  back  to  normal.  The  ionograms  were 
recorded  during  a  flight  in  daylight  across  the  oval  belt.  Within  the  latitude  band  where  foE  was  enhanced, 
spread  E  was  observed  continuously.  However,  on  the  return  (N  to  S);  when  the  aircraft  crossed  the  region 
of  enhanced  E  again,  the  spread  near  the  critical  frequency  of  E  was  rather  weak  and  not  seen  in  every 
ionogram  (one  ionogram  per  minute  being  recorded). 


AURORAL  E  OBSERVED  CONTINUOUSLY  AROUND  TW  AURORAL  OVAL 

The  cro»«-*«ction  flights  through  the  auroral  oval  belt  at  nearly  all  timet  accumulated  statistical 
evidence  for  the  validity  of  the  E  layer  pattern  which  vat  firet  established  for  the  noon  sector  in 
darkness.  The  question’ ariaee  whether  this  pattern  it  also  valid  as  ah  inatahtentbua  picture  around  the 
auroral  oval. 


In  the  10  hour  circumoval  flight  of  5  January  1970  nearly  the  entire  oval  belt  was  investigated. 

In  Figure  9  the  thin  continuous  line  is  the  flight  track  plotted  in  CG  latitude  end  CO  local  tine.  The 

decrease  of  foE  with  increasing  CG  latitude  was  found  in  all  sections  of  the  flight  where  the  flight  track 

deviated  from  its  primarily  eastward  course  and  crossed  through  several  dagrees  of  latitude  toward  the  N 

or  the  S.  This  Ictitudinal  dependence  is  particularly  evident  frost  7  to  9  CG  local  tine,  14  to  16  CG  local 
time,  and  at  the  end  of  the  flight  near  midnight.  Using  the  f0E  values  from  analysis  of  the  iohogram*  re¬ 
corded  during  the  flight,  contour  lines  of  foE  were  drawn,  shown  as  heavy  lines  in  Figure  9;  tha  dotted 
lines  connect  extrapolated  values.  At  02  and  04  CC  local  time  (  in  Figure  9)  E  echoes  were  seen  obliquely; 
they  originated  from  a  layer  8  of  the  flight  track,  as  could  be  determined  by  photometric  measurements. 

The  figure  presents  a  quasi-instantaneous  picture  of  the  occurrence  of  auroral  E  (night  B)  as  derived  from 
date  taken  on  this  flight,  Tha  3th  of  January  1970  was  a  day  of  low  magnetic  activity. 

GROUND  STATION  DATA  REVIEWED  IN  RELATION  TO  OVAL-ALIGNED  E  LAVER  PATTERN 


The  E  layer  pattern  for  quiet  days,  derived  from  the  aircraft  data,  can  be  tested  by  ground  station 
data.  As  an  example  in  Figure  10;.  in  the  center;  a  graph  is  shown. from  Hanson;  at  al.  (1)  of  the  time 
variation  of  the  critical  frequency  of  a  night  E  echo  observad  during  a  5' hour  period  at  Fort  Chirno  on 
26  January  1952;  a  magnetically  quiet  day;  Tha  lonograms,  from  which  the  critical  frequencies  are  derived, 
are  reproduced  in  their  paper  and  show  typical  examples  of  night  £  (auroral  E)  echoes.  The  hour  by  hour 
positions  of  the  station  relative  to  the  Q»1  auroral  oval  are  marked  by  triangles,  the  first  corresponding 
to  16  LT  (local  time  at  Fort  Chimb.  If  oh  this  day  ah  approximately  oval-aligned  E  region  was  present  as 
indicated,  the  station  would  be  south  of  the  E  region  through  aboiit  1743  LT.  Rotating  further  toward  tha 
auroral  oval  it  would  move  under  tha  3.0  HRs  foE  contour  at  18  LT.  Due  to  tha  steep  gradient  versus 
latitude  in  foE  at  the  southern  edge  of  the  E  region,  the  harrow  band  of  maximum  foE  is  overhead  before 
19  IT.  From  19  to  20  LT  the  station  moves  through  the  northern  part  of  the  night  E  region. 

2.3.  SUMMARY  AND  RESULTS 

1)  Analysis  of  iohogram  sequences  and  simultaneous  all-sky  photographs  from  a  flight  making  six 
latitudinal  scans  in  the  midnight  sector  of  the  auroral  oval  under  quiet  magnetic  conditions  shows  that: 
a)  The  recorded  auroral  type  Es  echo  (Eta)  is  returned  from  a  spatially  limited  area  confined  to  the 
latitudinal  extant  of  the  visible  aurora,  b)  Good  correlation  exists  between  the  brightness  of  aurora  in 
the  zenith,  the  inverse  of  the  virtual  height  of  tha  Esa;  *nd  the  top  frequency  of  the  Esa.  Consequently, 
in  case  of  overhead  aurora,  the  top  frequency  increases  with  decreasing  virtual  height  of  the  Esa.  The 
results  of  the  analysis  also  appears  to  support  tha  assumption  that  the  Esa  echoes  originate  from  a  height 
Identical  with  that  of  the  lower  edge  of  the  aurora. 

2)  lonogram  sequences  from  cross-section  flights  through  the  oval  belt  during  times  of  low  msgnetic 
activity  show  the  existence  of  an  oval-aligned  region  of  auroral  E  (night  E)  which  has  a  width  of  2°-6s 
latitude.  It  extends  equatorwsrd  from  the  location  of  the  auroral  oval  in  the  day  sector  of  the  auroral 
oval  and  is  located  within  the  oval  bait  in  tha  night  sector,  Of  a  total  of  49  latitudinal  scans  through 
the  oval  belt,  at  times  from  07  through  noon  to  04  Corrected  Geomagnetic  Time,  38  show  tha  presence  of 
auroral  E.  16  of  the  22  scans  through  tha  auroral  oval's  night  sector  exhibit  the  same  latitudinal  pattern 
found  (by  Whalen  et  al.  (8))  in  the  noon  sector  in  darkness;  namely,  decrease  of  virtual  height  of  the  E 
layer  from  north  to  south  corresponding  to  precipitating  particles  with  a  hardening  of  tha  spectrum  from 
northern  to  southern  latitudes;  and  an  increase  of  the  E  layer  critical  frequency  from  north  to  south.  The 
analysis  of  day  flights  through  the  auroral  oval  resulted  in  the  mapping  of  the  regions  where  enhanced  foE 
was  recorded,  i.e.  where  foE  was  higher  than  to  be  expected  from  photoibnizaeion.  Although  the  latitudinal 
distribution  of  the  amount  of  foE  enhancement  was  not  established  here,  tha  pattern  is  consistent  with  that 
derived  from  the  measurements  in  darkness,  as  era  the  results  of  a  16  hour  circumoval  flight  in  which 
auroral  E  (night  E)  was  continuously  observed. 

3,  POLAR  F-LAYER 

The  high-latitudc  F  layer  has  bean  investigated  by  many  workers,  and  several  basic  features  are  now 
known.  Muldrev  (18),  using  Alouette  topside  lonograms,  first  showed  the  existence  of  the  main  F-layer  trough. 
Petrie  (19)  established  that  tha  occurrence  of  spread  F  on  Alouette  lonograms  maximized  in  an  oval-shaped 
region  which  encircled  the  geomagnetic  pole.  Akasofu  (20)  latar  Identified  Petrie's  spread-F  region  as 
being  coincident  with  tha  quiet  time  auroral  oval,  hence  a  "spread-F  oval".  Thomas  and  Andrews  (21)  showed 
that  the  distribution  of  topside  F-layer  electron  density  enhancements,  scaled  from  Alouette  ionogrsms, 
maximized  in  an  elongated  ring,  the  "plasma  ring",  which,  similar  to  the  spread-F  oval,  encircled  the  geo¬ 
magnetic  pole.  lonograms  recorded  on  the  Flying  Ionospheric  Laboratory  during  cross-section  flights  through 
the  day  sector  of  the  auroral  oval  were  compared  with  Alouette  electron  density  data  and  showed  that  the 
topside  polar  F-layer  plasma  ring  existed  in  the  bottomslds  as  an  F-layer  irregularity  zone  (22).  On  these 
flights  the  letitudinel  extent  of  the  F-layer  irregularity  zone  was  determined  from  ionogram  movies  recorded 
on  the  Jircraft  sounder.  An  example  which  illustrates  how  the  aircraft's  motion  is  used  to  interpret  F- 
leyer  features  on  ionogrsms  is  shown  in  this  next  section. 

3,1.  AIRBORNE  F-LAYER  MEASUREMENTS 

In  the  top  half  of  Figure  It  the  aircraft's  flight  route  on  August  22,  1970  is  Indicated  by  the  dashed 
line  drawn  on  a  CG  latitude  and  CG  local  time  grid.  The  night  sector  of  the  auroral  oval  for  Q«2  msgnetic 
conditions  is  Indicated  by  heavy  solid  lines.  A  sequence  of  aircraft  ionogfams  is  shown  in  the  bottom-half 
of  Figure  11.  The  letters  next  to  the  ionogrsms  refsr  to  the  aircraft's  positions,  marked  by  the  same 
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letters  on  the  {light  route  map,  when  the  ionograam  were  recorded.  In  lonogram  A  there  it  e  verticil 
incidence  F-layer  echo  it  280  ka,  the  firet  end  second  F-layer  aultiple  echoes,  end  en  extra  echo  at 
about  425  Ids.  In  lonogrea  8  the  extra  echo  ie  at  a  range  of  about  490  ka;  while  lh  lonogrea  C,  recorded 
Just  before  the  aircraft  turned;  the  extra  echo  ie  at  a  range  of  'about  530  ka.  The  change  lh  range  of 
the  extra  echo  correepohde  to  about  the  distance  that  the .aircraft  flaw  away  froa  the  southern  edge  of 
the  ovel  between  the  tines  lonogreas  A  and  C  were  recorded;  The  extra  echo  la  then  ah  oblique  Incidence 
echo  which;  host  likely,  ie  produced  by  a  ref lacking  surface  located  north  of  the  alreraft  hear  the  oval. 
Ionograms  D  end  E  show  the  oblique  incidence  echo  moving  deem  lh  'slant  range  as  the  aircraft  filet  back 
towards  the  oval.  In  lonogrea  F  the  oblique  Incidence  echo  ie  now  closer  In  slant  range  than  the  vertical 
incidence  F-layer  echo.  Thus,  the  original  vertical  Incidence  P-leyer  echo  It  en  oblique  Incidence 
echo,  and  a  hew  F  layer,  the  original  oblique  Incidence  echo,  Is  moving  down  In  range  ahd  will  become  a 
vertical  Incidence  T-layer  echo;  The  slant  range  to  the  extra  echo  le  plotted  versus  universal  time  In 
Figure  12.  The  letters  oh  the  abscissa  refer  to  the  aircraft's  positions  which  are  noted  In  Figure  11  by 
corresponding  letters.  All  of  the  lonogreas,  recorded  at  the  rate  of  one  per  minute,  contain  a  strong 
oblique  incidence  echo,  therefore,  the  slant  range  to  the  oblique  Incidence  echo .could  be  plotted  with  an 
accuracy  of  ±10  ka.  One  sees  e  uniform  increase  in  slant  rang*  as  the  aircraft  files  south,  away  froa  the 
oval.  The  Inflection  point  of  the  curve  corresponds  to  the  tine  during  which  the  aircraft  turned,  ahd  the 
decrease  in  slant  range  is  due  to  the  aircraft  flying  north,  towards  the  oval.  This  exaiaple  demonstrates 
how  F- layer  echoes,  which  occur  In  a  sequence  of  lonogreas,  can  be  uniquely  identified  and  followed  when 
the  aircraft  is  flying  relative  to  a  stable  reflector. 

3.2.  F-LAYER  WASUREHWT  AT  COOK  BAY 

From  October  27-29,  1970  the  Flying  ionospheric  Laboratory  wee  located  oh  the  ground  at  Coose  Bay, 
Labrador;  Coosa  Bay  is  located  at  geographic  coordinates  54*M,  60*W  or  at  CG  coordinates  65.5*11;  22°W. 

The  location  of  Goose  Bay;  indicated  by  triangles,  and  the  Q»3  auroral  oval  have  been  plotted  In  Figure  13 
on  a  CO  latitude. and  tlsm  grid;  Froa  Figure  13  one  can  see  that  Goose  Bay  novae  towards  the  ovel  during 
the  afternoon  and  evening,  that  Goose  Bey  is  underneath  the  oval  hear  midnight,  and  that .Goose  Bay  novas 
away  from  the  oval  lh  the  aorhin|;  Curing  this  three  day  period  at  Goose  Bay  the  aircraft  sounder  vai 
operated  continuously;  the  photometer  and  auroral  all-sky  camera  were  used  at  night  for  auroral  taaasurenants. 
Vertical  ahd  oblique  Incidence  F-layer  echoes,  seen  oh  the  Goose  Bay  iohograae,  are  discussed  here;  schesmtic 
drawings,  showing  the  main  F-layer  trough  and  the  F-layar  irregularity  rone,  are  presented. 

A  sequence  of  Goose  Bay  ionograms,  recorded  on  October  27,  1970,  is  shown  In  Figure  14.  These  ionograms 
were  recorded  during  the  late  afternoon  and  evening  froa  1720  to  2110  local  time;  and  F-layer  sunset  occurred 
at  about  1830  local  time.  Analysis  of  these  ionograas,  recorded  on  35  an  film,  was  facilitated  by  viewing  a 
16  nm  movie  of  the  lonograns  a  number  of  times  and  by  following  F-layer  features  frame  by  frame  lh  the.  movie. 
Later,  these  features  were  identified  and  numbered  bn  these  single  35  saa  frames;  Iohogram  A  shows  well  de¬ 
fined  ordinary  ahd  extraordinary  wave  components  of  an  echo,  labelled  I,  from  an  F  layer  produced  by  the  sun 
and  an  extra  echo;  labelled  111,  at  725  d-  20  km  between  the  first  and  second  solar  F-layer  multiple  echo, 
lonogram  B  shows  that  echo  III  has  moved  down  lh  range  to. 625  ±  20  km  and  hat  become  better  defined  than 
before.  The  movie  presentation  of  the  lonograns ,  recorded  between  these  two  selected  frames,  shows  echo  III 
moving  down  In  range.  lonogram  C  shows  the  solar  F-layer  echo,  echo  i.  the  first  solar  F-layer  multiple 
echo,  labelled  I1,  echo  111,  and  a  new  extra  echo,  labelled  II,  at  475  1  10  km.  Echoes,  similar  to  those 
labelled  II  end  ill,  have  been  identified  by  Stanley  (23)  and  Bowman  (24)  as  echoes  which  are  produced  by 
oblique  Incidence  reflections  from  the  poleward  wall  of  the  mein  F-layer  trough.  Echoes  II  and  ill  ere 
also  similar  to  the  oblique  incidence  echo  that  was  reflected  from  the  region  of  the  oval  in  the  airborne 
lonogram  sequence  in  Figure  11.  Thus,  echoes  II  and  III  are  probably  oblique  Incidence  echoes  which  are 
produced  by  reflecting  surfaces  located  north  of  Goose  Bay  in  the  vicinity  of  the  main  F-layer  trough  and 
the  F-layer  irregularity  tone.  lonogram  b  shows  the  solar  F-layer  echo,  echo  i,  with  no  multiple  echoes 
and  the  oblique  Incidence  echo,  echo  11.  The  absence  of  a  solar  F-layer  multiple  echo  would  suggest  that 
at  this  time  a  curvature  In  the  structure  of  the  plasma  frequency  contours  Is  passing  over  Goose  Bay  and  is 
causing  Ionospheric  defocusslng.  Further  suggestion  for  the  presence  of  a  curvature  is  the  30  km  increase 
In  virtual  height  of  the  solar  F-layer  echo  which  occurs  between  lonogreas  B  and  D.  In  lonogram  E  one  tees 
echo  I  from  the  solar  F  layer,  oblique  incidence  echo  II,  and  what  may  be  the  reappearance  of  oblique 
incidence  echo  HI.  Bates  (25)  hat  pointed  out  that  since  aspect  sensitivity  of  the  reflecting  surface  is 
e  problem  encountered  in  the  analysis  of  oblique  incidence  echoes,  the  appearance  and  disappearance  of 
oblique  incidence  echoes  can  often  be  impossible  to  follow.  lonogram  F  contains  a  complex  overlapping  of 
echoes  I,  II, and  III  between  275  end  400  km  which  cennot  be  interpreted  with  certainty.  However,  a  multiple 
reflection  of  echo  II  may  now  be  seen;  thus,  echo  II  must  be  neerly  overhead  at  this  time. 

A  sequence  of  schematic  drawings  of  F-ltyar  structure,  which  could  produce  echoes  I,  II,  and  III,  can 
provide  some  understanding  of  the  ray  path  geometry  involved  in  producing  these  echoes.  The  schematics, 
seen  in  Figure  15,  were  drawn  by  assuming  that  during  the  late  afternoon  and  evening  the  main  F-layer 
trough  and  the  F-leyer  irregularity  zone  would  move  from  the  north  towards  Goose  Bay,  The  schematics  are 
composed  of  constant  plasma  frequency  contours  which  extend  north  and  south  from  Goose  Bay,  One  schematic 
cross-section  has  been  drawn  for  each  lonogram  in  Figure  14.  Virtual  heights  and  plasma  frequencies,  taken 
from  ionograas  A  through  F,  were  used  as  the  quantitative  basis  for  the  respective  schematics.  The  earth's 
curvature  was  taken  into  account  when  the  grid  for  i.he  schematics  was  drawn.  The  ionosonde  in  the  aircraft 
has  a  frequency  threshold  of  2  Mis.  The  trough,  which  has  ah  s'<>F2  equal  to  or  lest  than  2  MHz  (18)  (23),  was 
not  seen  directly  on  the  ionograms,  and  its  presence  has  been  Inferred  by  lonogram  interpretation.  Schematic 
A  shows  the  plasma  frequency  contours  which  could  produce  the  echoes  in  lonogram  A.  the  tolar  F-layer  echo, 
echo  I  in  lonogram  A,  can  be  produced  by  ray  path  I  in  schematic  A.  Echo  III  can  be  produced  by  ray  path 
III  which  has  been  constructed  by  assuming  that  a  reflecting  surface  is  located  north  of  Goose  cay  at  about 
the  250  km  level.  Accordingly,  the  725  km  slant  range  to  echo  111  in  lonogram  A  corresponds  to  a  northward 
horizontal  distance  of  about  650  km  as  is  shown  in  schematic  A.  The  reflecting  surface  hat  been  assumed  to 
be  the  F-layer  irregularity  zona  and  has  been  represented  in  the  schematics  by  a  kink  in  the  plasma  frequency 
contours.  In  schematic  B  the  irregularity  zone  is  closer  to  Goose  Bay  than  in  schematic  A,  while  in  schematic 
C  the  distance  between  Coose  Bey  and  the  irregularity  zone  hat  not  changed.  These  distances  are  consistent 
with  the  slant  ranges  to  echo  III  which  ere  teen  in  ionograms  B  and  C.  The  appearance  of  echo  II  in  lonogram 
C  is  interpreted  as  Indicative  of  the  onset  of  the  trough.  The  formation  of  the  trough  would  be  expected 


at  thia  tine  bacauaa  aolar  production),  which  fill*  in  and  imoothi  over  the  trough  during  daytime  (26),  haa 
alnoit  ctaaad  by  now)  .  Tha  ihepeof  the  trough. haa  boon  drawn  by  uaing  Boirman' a  (24)  trough  cohtoura  aa  a 
nodal  with  tha  axceptiona  that  tha  trougha,  which  he  law  during  thelCV,  were  wider  by  a  factor  of  4  or  5 
and  deeper  than  tha  trough  ahpwh  hare.  In  ioaogren  O' the  abaence  of  nultipla  achoea  euggtita  that  tha 
trough  ia  pairing  hoar  Gooaa  lay  at  thia  tine  and  ie-caueiag  dafocuaaing.  For  thia  raaaon,  tha  trough  ia 
ahown  nearly  overhead  of  Gooie  gay  in  achaaatie  0.  Keho  ill  ia  wining  in  iohogren  0,  One  raaaon  for 
thia  nay  ba  aipect  aanaitivity  of "tha  reflecting  aurfaca  or,  aa  indicated  in  tha  achaaatie,  Eg  or  abaorption 
nay  ba  blocking  radio  wavee  from  reaching  the  irregularity  tone,  in  aehanatic  E  ray  path  in  la  drawn 
bacauaa  ionogran  E  nay  contain  echo  111.  The  trough  haa  bean  drawn  with  about  tha  aana  ahapa  in  achaaatie 
E  aa  it  had  bean  drawn  in  achaaatie  D,  Seeauae  ionogran  F  contalna  a  vary  ebaplex  overlapping  of  acboaa, 
tha  interpretation  given  to  theaa  aehbaa  in  achaaatie  F  ahould  ba  treated  with  caution.  The  appearance  of 
a  nultipla  echo  of  echo  II,  which  up  to  now  had  bean  oblique  and  did  not  dleplay  a  nultipla  echo,  auggeata 
that  tha  trough  haa  paaaad  over  Cooaa  gay  and  that  Gooaa  Bay  ia  now  located  on  tha  poleward  aide  of  tha 
trough.  Echoee  x  >nd  ill  are  barely  diacernabla  in  ionogran  F  but,  after  exaninlng  other  ionograaie  which 
were  recorded  at  about  tha  aana  tint  aa  thia  ionogran,  the  coaplex  overlapping  of  there  acboaa  haa  bean 
interpreted  aa  aaan  in  achaaatie  F.  That  la,  it  appear!  that  echo  1  hai  novad  out  in  range  alike  tha  tine 
that  ionogran  E  war  recorded;  while  echo  111  appeara  to  have  aoved  down  in  range  alnce  then: 

3.3  MOttlTOUBC  TW  F-LAKE*  UBEGUIABITY  ZONE 

In  thia  aection  a  new  ionogran  ahalyaia  procedure  ia  preeented,  and  ex»«.jl«-  arc.  (Iitiyn.  which  denon* 
•trite  how  thia  procedure  can  ba  uaad  to  nonitor  the  C6  latitude  of  the  aoutharA-Vci;(^>Kft£tuT)Vinyer 
irregularity  tone.  A  alant  range  plottar  haa  bean  cohatructad  to  that  the  virtual  hoist t*  of  oblique 
incidence  echoaa,  ilallar  to  thoaa  labelled  111  in  Figure  14;  could  be  uti  lized  .in  ionogran  analyaia  and 
not  onitted  aa  they  generally  are.  Thia  plotter  (ahown  in  Figure  16)  permit!  the  virtual  height  of  ah 
oblique  incidence  echo, to  be  plotted  yaraua  the. left  ordinate;  the  CC  latitude,  which  correiponda  to  an 
echo  at  thia  alant  range,  haa  been  labelled  on  the  right  ordinate.  Thua,  the  CC  latitude  of  the  F- layer 
irregularity  tone  can  be  monitored  during  the  lata  afternoon  and  evening,  «dien  tha  Irregularity  tone  la 
far  to  the  north  of  Goble  Bay,  by  plotting. tha  virtual  haighta  of  Echo  ill  onto  tha  alant  range  plottar. 

A  230  km  F- layer  reflection  height  haa  been  aaaunad  for  rafleetlona  which  coin  froa  the  F-leyer  irregularity 
xoha.  gone  error  in  dataraining -the  latitude  of  the  aoufharh  edge  of  the  Irregularity  zona  nay  be  intro* 
diked  by  thia  aiauapfloh  but  it. ahould  not  be  greater  than  £>;5  .  The  alant  rangea  to  echo  ill  in  the 
October  27  ionograaa  have  been  plotted  on  the  alant  range  plotter  in  Figure  16;  The  aquafea  indicate  that 
raflectiona  froa  the  irregularity  zona  were  clearly  aeon  at  that  particular  tine;  while  a  aeriea  of  equarae, 
connected  by  a  line,,  indicate!  that  the  irregularity  tone  echo  waa  aaan  on  each  ionogran  recorded  during 
thia  period.  The  irregularity  tone  echo  cloaely  followa  the  eouthern  edge  of  the  oval;  and  the  CG  latitude 
of  the  eouthern  edge  of  the  irregularity  zone  can  be  followed  at  a  function  of  local  tine.  The  aircraft 
contalna  a  photonater  and  an  auroral  all-iky  canara  which  were  alao  operated  but,  bacauaa  of  partial  cloud 
cover  on  thia  night,  the  all-aky  canara  data  cannot  be  uaad.  The  5577X  apectral  line  of  the  photoneter 
operated  very  well  through  tha  cloud  coyer  and  ratpohded  to  the  pfeaanca  of  aurora  in  the  zenith  at  2140  IT 
(indicated  in  Figure  16  by  an  arrow).  The  onaet  of  the  F- layer  irregularity  zone  overhead  la  then  cloaely 
related  to  tha  pretence  of  aurora  m  the  zenith  in  the  lata  evening  eector.  Batea  (27)  and  Batea  at  al. 

(28X  etudylng  the  correlation  between  radio  and  optical  aurora  in  tha  night  eector,  noted  clbee  but  not 
exact  apatlal  coincidence  between  optical  aurora  and  HP  auroral  backecatter.  A  atudy  of  the  correlation 
between  radio  and  optical  aurora  waa  not  intended  here,  but  it  appeara  that  the  F-layer  irregularity  zone 
la  cloaely  related  to  the  F  region  which  Batea  haa  identified  aa  the  eource  of  HF  backaeetter. 

The  ilant  range  plotter  for  October  26,  1970  ia  aeen  in  Figure  17.  The  letter  b  indicetea  the  preeence 
of  overhead  blanketing  Eae  which  did  not  pemlt  the  detection  of  oblique  incidence  F-layer  achoea.  The 
pretence  of  aurora  in  the  zenith,  noted  by  the  arrow  at  2000  LT,  waa  again  determined  fron  the  intenaity  of 
the  5577X  apectral  line  and  it  occurred  about  1  3/4  hourt  earlier  than  on  the  previoua  night. 

Similarly,  the  irregularity  zone,  indicated  by  aquarea,  waa. detected  earlier  than  bn  the. previoua  night.  The 
daily  turn  of  the  geomagnetic  activity  indlcee,  Kp,  oh  Oet.27  waa  QCp«9  and  on  Oct,  28  waa  OCp»22+,  The  difference 
in  onaet  tinea  of  the  irregularity  zone  on  theaa  two  daya  can  readily  be  explained  by  the  difference  in 
nagnetlc  activity  on  the  two  daya.  If  one  puta  the  alant  range  data  for  theee  daya  onto  auroral  ovala  of 
different  Q  value,  then  the  feaaon  for  tha  difference  in  the  onaet  time  between  the  two  daya  can  be  aeen 
clearly.  A  Q-l  and  a  Q«3  oval  were  aelected  for  the  data  of  October  27  and  28  reapectlvely,  and  they  are 
anen  in  Figurea  18  and  19.  The  data  poihta  are  plotted  on  a  CG  local  tina  and  CC  latitude  grid,  in  general 
the  data  polnte  fit  the  two  different  ovala  quite  well  but,  in  Figure  19,  there  it  a  eudden  departure  of  the 
date  polnte  from  the  aoiitherh  edge  of  the  oval  at  about  17  to  18  CC  time,  Thia  appeara  to  be  a  real  effect 
becauae  it  waa  potalble  to  follow  an  echo,  timllar  to  echo  III  in  Figure  14,  on  each  ionogran  recorded 
during  thia  period.  If  the  reflecting  aurfaca  underwent  an  latitudinal  oeclllatibn  at  thia  tine,  it  could 
produce  thia  effect.  It  appeara  then  that  the  latitude  of  the  aoutherh  edge  of  the  F-layer  irregularity 
zone  can  be  monitored  by  plotting  the  alant  rangea  to  certain  oblique  incidence  achoea  onto  the  alant  range 
plotter. 


3.4  CONCLUSIONS 

A  apecial  analyaia  of  vertical  and  oblique  incidence  F-layer  achoea,  aeen  on  vertical  incidence  iono- 
grama,  waa  preaented.  Reiulta  from  the  analyaia  auggeat  that  the  latitude  of  the  eouthern  ed|e  of  the  polar 
F-layer  Irregularity  zona  can  be  monitored,  therefore,  on  the  apot  analyaia  of  ground  atatlon  lohograna  from 
Gooie  Bay,  Labrador,  can  probably  lead  to  a  real-tine  or  near  real-time  monitoring  of  the  polar  F-layer 
irregularity  zone  for  6  to  8  houra  of  each  day.  Furthermore,  the  tine  when  the  main  F-layer  trough  paaaea 
over  Cooae  Bay  can  be  apecified  oh  each  day.  The  cloee  coincidence  which  waa  ahown  to  exlat  between  the 
location  of  aurora  and  the  F-layer  irregularity  zone  auggeata  that  the  CG  latitude  of  the  eouthern  edge  of 
the  auroral  oval,  in  the  afternoon  and  evening  aectora,  can  aimilarly  be  monitored. 
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Figure  1. 


Flight  track  of  the  flight  of  14  Deceober  1968  in  geographic 
The  Q«3  oval  ia  Indicated  by  heavy  idlld  linee. 


(left)  and  CC  coordinates 


(right). 
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Figure  2.  Exanples  of  ionograa*  which  shov  night  E  (auroral  E)  and  EIa  echoe*. 


®  <0>  I  w 


n 


0900  UT 
14  DEC;  IMS 


v* 


100'— J 
^600 


Figure  3.  Virtual  height.  of  I«e  veraut  Vt,  of*  circlet  s  eal  aUnt  ranger  to  tha  aurora  varaua  W,  full 
cirelaa,  eoaaacta4  by  lotto!  liaaa.  Tha  encircle!  number*  an  tha  nuabera  In  tha  aequence  of 
II  latitulinel  acana.  Tha  vortical  louble  lima  ini  lea  te  tha  aircraft  tuirua  at  tha  northern 
or  aoutherh  an!  of  tha  acana.  Upper  part:  riant  ranger  to  tha  aurora,  ukah  actual  height  of 
aurora  it  aaaaai  to  be  120  toe  above  ground;  lover  part:  riant  ranger  to  the  aurora  vhen 
actual  height  of  aurora  ia  aaawwO  to  be  ilentical  to  the  virtual  height  of  Em,  neaterel  vhen 
aurora  it  overheal.  The  arrova  on  the  ebecitta  nark  the  tinea  vhen  tha  iobograae  eel  all-aky 
photographt,  thavn  in  Figure  5,  vere  recorlel. 
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Figure  4.  Virtual  height  of  E,a  echo  varaua  top  frequency  of  for  14  December  19M.  The  valuta  vere 
recorlel  vhen  aurora  vat  overheal.  The  arrova  at  tone  of  the  8  HU  valuer  inlicate  that  the 
top  frequenciet  vere  higher  than  the  high  frequency  Unit  of  the  rveep. 
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Figure  7.  Flight  tracks  of  cross-stctiona  through  the  oval  in  daylight  dondltions.  Latitudes  where 

enhanced  f0E  was  observed  are  narked  by  thick  black  lines;  dotted  sections  are  less  certain. 


Figure  8.  Ionograras  recorded  on  a  flight  traversing  a  region  where  enhanced  f0E  was  observed  on  9  June  1971 
On  the  flight  track,  plotted  in  CG  coordinates,  heavy  lines  indicate  the  latitudes  of  enhanced 
fob.  The  arrows  nark  the  locations  where  lonograms  a,  through  g.  were  recorded. 


Pigurt  14.  Cool*  Bay  ionograu  rtcordtd  on  October  27,  1970 


Figure  18.  The  latitude  of  th*  aouthern  edge  of  the  F- layer  Irregularity  rone  on  October  27,  1970,  indi¬ 
cated  by  aquarea,  la  plotted  on  a  CG  latitude  and  CG  local  time  grid.  The  Q*1  oval  is  indi¬ 
cated  by  heavy  aolld  linea. 


touthern  «dg<  of  the  F-leyer  irregularity  zone  on  October  Z8,  1970,  indi- 
plotted  on  e  CC  letitude  end  CG  locel  tine  grid.  The  Q«3  ovel  it  indi- 
lihee.  The  letter  b  Indicate*  the  pretence  of  blanketing  Eat, 


